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Supplemental Materials 

E. coli strain construction 

E. coli strains are listed in Table S5; all primers are listed in Table S6. E.  For disruption 

of CD0311 (gerG), a modified plasmid containing the retargeting group II intron, pCE245 (a gift 

from C. Ellermeier, University of Iowa), was used as the template. The following primers were 

used to amplify the targeting sequence from the pCE245: #1284, 1285, 1286 and 532, the EBS 

Universal primer (Sigma Aldrich). The resulting retargeting sequence was digested with BsrGI 

and HindIII and cloned into pJS107 (1), which is a derivative of pJIR750ai (Sigma Aldrich). The 

ligations were transformed into DH5α, and the resulting plasmids were confirmed by sequencing 

and then transformed into HB101/pRK24. 

To construct the pMTL83151-gerG complementation construct, primers #1695 and 1696 

were used to amplify the gerG gene containing 266 bp upstream of gerG using 630 genomic 

DNA as the template. To construct the pMTL83151-sleC complementation construct, primers 

#479 and 662 were used to amplify 244 bp upstream of sleC using 630 genomic DNA as the 

template. The resulting PCR fragments were digested with NotI and XhoI, ligated into 

pMTL83151 digested with the same enzymes, and the ligation was transformed into DH5α. The 

resulting plasmids were confirmed by sequencing and then transformed into HB101/pRK24. 

To construct the pMTL-YN1C-cspBAC complementation construct, primer pair 691 and 

665 was used to amplify the cspBA-cspC operon. The resulting PCR product was digested with 

NotI and XhoI and ligated to pMTL-YN1C digested with the same enzymes. To construct 

pMTL-YN1C complementation constructs for gerG and sleC, primer pair #2057 and 2058 and 

primer pair #2038 and 2039 were used to amplify the gerG gene with 266 bp of upstream 
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sequence and sleC with 199 bp of upstream sequence, respectively. To construct the gerG 

complementation constructs encoding deletions of repeat sequences 1-6 and 1-7, the internal 

SOE primers #1907 and 1908 and #1909 and 1910 were used, respectively, in PCR splicing by 

overlap extension (SOE) (2) reactions with the flanking primers #2057 and 2058. The resulting 

PCR fragments were ligated to pMTL-YN1C digested with NotI and XhoI using Gibson 

assembly (3). The assembly mixture was transformed into DH5α, and the resulting plasmids 

were confirmed by sequencing and then transformed into HB101/pRK24.  

To construct the pMTL-YN3-∆spo0A allelic exchange construct, primers #1861 and 

#1863 were used to amplify a 732 bp upstream of spo0A, and primers #1862 and #1864 were 

used to amplify a region 804 bp downstream of spo0A using 630 genomic DNA as the template. 

The resulting PCR products were used in a PCR SOE reaction with the flanking primers #1861 

and #1864. The PCR SOE product fuses the first 8 codons of spo0A to the last 14 codons of 

spo0A; this product was digested with AscI and SbfI and ligated to pMTL-YN3 digested with the 

same enzymes. The ligation was transformed into DH5α, and the resulting plasmid was 

confirmed by sequencing and then transformed into HB101/pRK24.  

To construct the pMTL-YN3 constructs encoding deletions of the gerG, sleC, and 

cspBAC operon, Gibson assembly was used. For gerG, the primer pair #2013 and 2012 was used 

to amplify 1087 bp upstream of gerG, and primer pair #2011 and 2014 was used to amplify a 

region 1001 bp downstream of gerG. The ∆gerG construct fuses the first 14 codons of gerG to 

the last 10 codons of gerG.  For sleC, the primer pair #1991 and 1988 was used to amplify 955 

bp upstream of sleC, and the primer pair #1987 and 1992 was used to amplify 936 bp 

downstream of sleC. The ∆sleC construct fuses the first 9 codons of sleC to the last 12 codons of 

sleC. For the ∆cspBAC construct, the primer pair #2179 and 1982 was used to amplify a 971 bp 
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fragment upstream of cspBA, and primer pair #1981 and 2180 was used to amplify a 1012 bp 

fragment downstream of cspC. The ∆cspBAC construct fuses the first 18 codons of cspBA to the 

last 6 codons of cspC. 

To construct a strain for producing His6-tagged GerG, primer pair #1256 and 1257 was 

used to amplify gerG using genomic DNA as the template. The resulting PCR products were 

digested with NdeI and XhoI, ligated to pET22b, and transformed into DH5α. The resulting 

pET22b-gerG plasmid encodes GerG with a C-terminal His6-tag and was used to transform 

BL21(DE3) for protein production. To clone gerG constructs encoding C-terminally His6-tagged 

GerG with internal deletions of the repeat regions, PCR SOE was used. Primers #1256 and 1257 

were used as the flanking primers, while primer pairs #1796 and 1797; #1907 and 1908; and 

#1909 and 1910 were used to clone the ∆1-5, ∆1-6, and ∆1-7 variants, respectively. It should be 

noted that primer pair #1796 and 1797 was originally designed to delete only the first repeat 

sequence, but because of repeat sequences at the DNA level, this primer pair ended up creating a 

deletion of the region encoding repeats 1-5.  

To construct a strain for producing His6-tagged CotA, primer pair #881 and 882 were 

used to amplify cotA using genomic DNA as the template. The resulting PCR products were 

digested with NdeI and XhoI, ligated to pET21a, and transformed into DH5α. The resulting 

pET21a-cotA plasmid encodes GerG with a C-terminal His6-tag and was used to transform 

BL21(DE3) for protein production. 

 

C. difficile strain construction 

JIR8094 Strains 
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C. difficile strains derived from the parent strain JIR8094 were constructed using 

TargeTron-based gene disruption as described previously (FIG S1, (4, 5)). Erythromycin-

resistant patches were struck out for isolation onto the same media and individual colonies were 

screened by colony PCR for a 2 kb increase in the size of gerG, using primer pair #1256 and 

1257, and sleC using primer pair #2038 ad 2039 . 

630 Strains 

Allele coupled exchange was used to construct clean deletions of cspBAC, gerG, sleC, and 

spo0A (6). The recipient C. difficile strain 630∆erm∆pyrE (a kind gift from Nigel Minton, c/o 

Marcin Dembek) was grown for 5-6 hrs in BHIS. HB101/pRK24 donor strains carrying the 

appropriate pMTL-YN3 allelic exchange constructs were grown in LB containing ampicillin (50 

µg/mL) and chloramphenicol (20 µg/mL) at 37˚C, 225 rpm, under aerobic conditions, for 5-6 

hrs. The E. coli strain was pelleted at 2,500 rpm for 5 min and transferred into the chamber. One 

milliliter of the C. difficile culture was added to the E. coli pellet, and 100 µL of the mixture was 

spotted seven times onto a BHIS plate. The E. coli and C. difficile mixture was incubated for 13-

18 hr after which the resulting growth was scraped from the plate into 1 mL PBS. One hundred 

microliters aliquots of the suspension were spread onto five BHIS plates containing 10 µg/mL 

thiamphenicol, 50 µg/mL kanamycin, and 8 µg/mL cefoxitin. The plates were incubated for 3-4 

days at 37˚C, and transconjugants were passaged onto BHIS plates containing 15 µg/mL 

thiamphenicol, 50 µg/mL kanamycin, 8 µg/mL cefoxitin, and 5 µg/mL uracil. After selecting for 

the fastest growing colonies over 2-3 passages, single colonies were re-struck onto CDMM 

containing 2 mg/mL 5-FOA and 5 µg/mL uracil. FOA-resistant colonies that arose were patched 

onto CDMM containing FOA and uracil, and colony PCR was performed to identify clones 

harboring the desired deletions. Primer pairs #2009 and 2010, #2021 and 2022, and #1867 and 
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1868 were used to screen for deletions of gerG, sleC, and spo0A, respectively. The construction 

of the ∆cspBAC strain will be described more in detail in a future manuscript. All 

630∆erm∆pyrE mutant strains were complemented with pyrE in the pyrE locus as described in 

the next section. 

 

C. difficile complementation 

HB101/pRK24 donor strains carrying the appropriate complementation construct were 

grown in LB containing ampicillin (50 µg/mL) and chloramphenicol (20 µg/mL) at 37˚C, 225 

rpm, under aerobic conditions, for 6 hrs. For pMTL83151-based conjugations, C. difficile 

recipient strains were conjugated as described previously (7, 8). For complementation in the 

pyrE locus using pMTL-YN1C constructs, a similar conjugation procedure was followed. 

Transconjugants were then re-struck onto CDMM and incubated for 2-4 days. Colonies that had 

restored the pyrE locus by virtue of their ability to grow on CDMM were re-struck onto CDMM 

before further characterization. At least two independent clones from each complementation 

strain were phenotypically characterized. 

 

Artificial Germination. 

 Approximately 1 x 107 spores were pelleted and resuspended in 250 mM thioglycollate 

(artificial germination) or PBS (taurocholate-mediated germination) and processed as previously 

described (7). Ten microliters (10%) of the spore samples were plated on either BHIS or 

BHIS(TA) plates. 

 

Antibody production.  
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The anti-CotA (CD1613), anti-GerG, and GerG(∆1-7) antibodies used in this study were 

raised against CotA-His6, GerG-His6 and GerG(∆1-7)-His6, respectively, in rabbits by Cocalico 

Biologicals (Reamstown, PA). The His6-tagged GerG variants and CotA were purified from E. 

coli strains #1084, 1625, and #852 using Ni2+-affinity resin as previously described (9).  

 

Western blot analyses.  

C. difficile cell pellets were processed as previously described (4, 8). Samples were 

resolved by SDS-PAGE and transferred to Millipore Immobilon-FL membrane. The membranes 

were blocked in Odyssey Blocking Buffer. Rabbit polyclonal anti-GerG, anti-GerG(∆1-7), anti-

CspA antibody (a generous gift from Joseph Sorg), and anti-CotA antibodies were used at a 

1:1000 dilution; the anti-CspB antibody was used at a 1:2500 dilution (9); and the anti-SleC (9) 

antibody was used at a 1:7000 dilution. CotA was used as a loading control for purified spores 

instead of SpoIVA as we have previously reported (7, 10, 11), since variation in the detection of 

SpoIVA between different spore preparations was observed (data not shown). The polyclonal 

mouse anti-SpoIVA (12) and anti-Spo0A (11) antibodies were used at a 1:2500 dilution. Infrared 

dye-conjugated secondary antibodies were used at 1:20,000 dilutions. The Odyssey LiCor CLx 

was used to detect secondary antibody infrared fluorescence emissions. 

 

Accession numbers for GerG homologs in FIG 6. 

Strains M120 (WP_003421789) and M68 (WP_003432566) encode an additional Asn-

rich repeat relative to the 7 encoded by the other strains: 630(YP_001086780), CD42 

(EQE58799), CD196 (WP_009888173), R20291 (CBE02008), and CD160 (WP_021382878). 


